Anaesthetists' ability to identify correctly a marked lumbar interspace was assessed in 100 patients undergoing spinal magnetic resonance imaging scans. Using ink, one anaesthetist marked an interspace on the lower spine and attempted to identify its level with the patient in the sitting position. A second anaesthetist attempted to identify the level with the patient in the flexed lateral position. A marker capsule was taped over the ink mark and a routine scan performed. The actual level of markers ranged from one space below to four spaces above the level at which the anaesthetist believed it to be. The marker was one space higher than assumed in 51% of cases and was identified correctly in only 29%. Accuracy was unaffected by patient position (sitting or lateral), although it was impaired by obesity (p 0.001) and positioning of the markers high on the lower back (p , 0.001).
Palpation is used by anaesthetists to identify a suitable vertebral level for epidural and spinal anaesthesia. A site below the level of the conus medullaris is necessary for spinal anaesthesia, to minimise the risk of spinal cord trauma. There is no element of self-correction in this process, as the selected site is not usually confirmed radiographically. Therefore, an experienced doctor may not be able to identify a particular vertebral interspace any more accurately than a beginner. Previous studies have demonstrated inaccuracies in 40±59% of subjects when attempting to identify lumbar interspaces [1±3]; on one occasion this led to neurological damage [4] .
This study was conducted to determine whether anaesthetists are able to identify correctly a marked lumbar interspace (space between two spinous processes). The effects of obesity, the marker's position and the subjects' position on accuracy were also assessed.
Methods
This study was approved prospectively by the hospital research ethics committee. Patients undergoing diagnostic magnetic resonance imaging (MRI) scans of the lumbar spine were recruited. Subjects who thought they would be unable to adopt the required position or to tolerate palpation owing to bony tenderness, and those with obvious spinal deformity, were not studied, neither were subjects under the age of 16 years. Voluntary, written consent was obtained. Height, weight and age were recorded. The subject sat on the edge of a trolley with the spine flexed. The first anaesthetist was instructed to mark in washable ink the skin overlying any interspace on the lower spine. The same anaesthetist then attempted to identify the marked interspace by palpation of the spinous processes and iliac crests. The subject moved to the left lateral position with the hips, knees and lumbar spine flexed as much as possible. A second anaesthetist then attempted to identify the marked interspace. The subject then assumed the straight, standing position. The anaesthetist's finger was kept on the interspace under study while the patient moved, to reduce the risk of error caused by movement of the skin. A fish oil marker capsule was attached with adhesive tape to the subject's back, overlying the studied interspace. The marker was attached with the patient standing (rather than flexed) because scans are performed with the patient in the supine, unflexed position. Anaesthetists examined patients in the sitting and lateral positions alternately. During the scan, the marker was visualised. If not directly over an interspace its position was checked afterwards. Following the scan, a radiologist identified the marked lumbar interspace and the level of the conus medullaris. Each anaesthetist reached a decision independently, with the radiologist unaware of the opinions of the anaesthetists. Anaesthetists were not informed of the results until the end of the study, to minimise the chances of improvement. One anaesthetist (C.R.B.) assessed all subjects, working in pairs with one of the other three. Data were analysed using the chi-squared test for linear trend, and the Wilcoxon signed rank sum test. The strength of the agreement between pairs of anaesthetists was assessed by the weighted kappa statistic [5] . The statistics program SPSSw was used. Values of p , 0.05 were considered statistically significant.
Results
One hundred and four patients were recruited to the study. One subject was withdrawn because of lack of time in the MRI scanning schedule. Three were withdrawn following palpation and marking of the back, two because claustrophobia prevented MRI scanning and one because of extreme obesity. In this patient (body mass index [BMI] 44 kg.m 22 ), the skin and marker were at such a distance from the lumbar spine that they were not visible on the scan, and the protocol stated that no extra scans would be taken during the study. This left 100 subjects, and therefore 200 observations, available for analysis.
Patients Fig. 1 . All anaesthetists placed markers at four or more different interspaces. Median level of marker placement varied between anaesthetists by only one interspace. The results for each anaesthetist were similar in terms of proportion of correctly identified spaces and distribution of errors. The marked space was correctly identified in only 58 cases (29%; Table 1 ). Only six markers (3%) were at a lower space than that estimated by the anaesthetist. Markers were one space higher than thought by the anaesthetist on 102 occasions (51%). However, on 31 occasions (15.5%) markers were two spaces higher; twice (1%) markers were three spaces higher; and once (0.5%) a marker was actually four spaces higher than the anaesthetist believed it to be. The two anaesthetists agreed on the level of the marker on 60% of occasions, although they had identified the correct level in only 17 of these 60 patients (28%). They disagreed by one interspace on 36 occasions and by two interspaces on four occasions. The strength of this agreement (measured by weighted kappa) between anaesthetist A and each of the other three was 0.42, 0.50 and 0.63, which represents`moderate' to`good' agreement [5] .
There was no significant difference in accuracy between the sitting and lateral positions (p 0.41) but obesity (defined as BMI $ 30 kg.m 22 ) impaired accuracy (p 0.001). Markers located at L 122 or above were more likely to be misidentified than those at L 223 or below (p , 0.001): of 102 estimations in which markers were actually at L 122 or above, 34 (33%) were two or more spaces higher than realised, compared with none of 98 estimations where the marker was at L 223 or below (Table 1) . Although 20 of the 21 obese patients had markers placed high on the spine, accuracy was still impaired by high marker placement when only the nonobese patients were considered (p , 0.001). The level of the conus medullaris is shown in Table 2 . In 19 patients it was below the body of the L 1 vertebra.
Discussion
This study demonstrates that anaesthetists cannot reliably identify a particular lumbar interspace by palpation. Accuracy is not improved by use of the sitting position and is worsened by obesity. Markers placed far from the level of the iliac crests (requiring counting of spinous processes) are more likely to be misidentified than those placed lower on the back, even when only non-obese patients are considered. The degree of agreement between two observers (60% of occasions) suggests a fault with the method, rather than its execution.
This study, involving 200 observations from 100 patients, is larger than other published clinical studies. All four anaesthetists participating in this study had at least 5 years' anaesthetic experience and each had performed several hundred spinal injections. We assessed clinical skills of anaesthetists in living subjects, who adopted an appropriate flexed position. Use of MRI enabled careful assessment of the vertebral level by one of two senior radiologists. Comparison of the sitting with the lateral position in the same patient allowed paired data to be collected, eliminating bias caused by between-patient variability. To allow this to occur, the first anaesthetist was told simply to mark any interspace on the lower back. An alternative approach, with both attempting to identify a predetermined space, may have introduced a bias whereby the second anaesthetist could be influenced by the first. Randomisation of the level of attempted marker placement may also have introduced bias. For example, if placement was randomised to L 223 , L 324 or L 425 , the second anaesthetist, on finding a marker apparently at L 122 , may have considered that L 223 had been intended (because L 122 or higher was not an option), potentially influencing his opinion.
Great care was taken to prevent displacement of the skin marker as the patient stood up. To minimise potential error further, it would have been preferable to perform the scan with the patient in the flexed position in which the mark was drawn and the back palpated. However, this was not possible owing to the limited diameter of the scanner bore. Most routine lumbar spine MRI scans were performed for low back pain. Easier palpation in subjects without muscle spasm or pain may have improved accuracy. Many of the subjects in our study were osteoporotic elderly patients. Some patients volunteered information of significant height loss; this was not recorded. Two of the three patients in whom the biggest errors were made claimed to have lost 7±10 cm in height. Such patients regularly present with a fractured neck of femur, and are frequently offered spinal anaesthesia. Work is needed to determine whether height loss is a risk factor for unexpectedly high needle insertion.
Our failure rate (71%), is higher than that found by Van Gessel et al. (59%) in a smaller study of 29 patients [1] . Theirs was also a clinically based study. Spinal catheters were inserted and their position confirmed radiographically. A similar report by Moore [2] found a failure rate of 50% for correct needle placement during myelography. However, the number of patients studied was not reported. The presence of a percutaneous catheter removes the possibility of error caused by skin marker movement. This may explain the greater accuracy in these studies. In a study of epidural catheterisation in 27 cadavers, Ievins [3] demonstrated that in 40% of cases, the L 324 interspace was not identified correctly; in 33% of cases, the catheter was placed too high. The failure rate was reduced to 22% by using a length of catheter physically to construct Tuffier's line. However, since these subjects were cadavers, the spine was presumably unflexed. Vertebral level was confirmed by dissection. Bony abnormalities may have been less obvious than on MRI scan. Withholding our results until the study was complete prevented anaesthetists from using feedback to improve their accuracy. Such blinding was not reported by Van Gessel et al. [1] , Moore [2] or Ievins [3] , and this may have improved their results. Render [6] showed that the iliac crests on 163 plain lumbar X-rays were not level with either the L 4 spinous process or the L 425 interspace in 22% of cases. However, these films were taken with no lumbar flexion and only a little hip flexion, and it may be that this proportion increases with lumbar spine flexion. An alternative technique of identification was suggested, namely of counting down from the spinous process of C 7 . However, this may be difficult, especially in obese patients. Our study suggests that counting spinous processes may introduce an additional source of error. Thavasothy [7] , in response to that article, recommends Eriksson's method [8] of palpating the 12th rib in conjunction with the iliac crests. This is also likely to prove difficult, particularly in the obese.
The level of the conus medullaris was below the body of L 1 in 19% of our patients. This should not be surprising. Although many anaesthetists believe that the spinal cord terminates at the body of L 1 in an adult, Thomson in 1895 [9] , McCotter in 1916 [10] , Needles in 1935 [11] and Reimann & Anson in 1944 [12] demonstrated in a series of anatomical dissection studies that 28±58% of adult cords end below the body of L 1 (Table 3) . Our results confirm that in a significant number of subjects the conus lies below the L 1 vertebral body.
Anaesthetists should not assume that a spinal or epidural needle is at the interspace they believe it to be, based on palpation of the iliac crests. It is likely to be at least one interspace higher, and possibly more. Use of other bony landmarks, e.g. the spinous process of C 7 and the 12th rib, may be impractical. It also cannot be assumed that the spinal cord ends at the level of L 1 . Intrathecal injection above the level of the conus was implicated in the report by Rajakulendran et al. [4] . A combined spinal±epidural, believed to have been performed at the L 223 interspace, produced a left lower limb paresis; MRI showed swelling and an increased signal in the spinal cord at the level of L 1 . There is concern that the risk of neurological damage may be further increased with the use of atraumatic needles [13, 14] . For free flow of cerebrospinal fluid more of the needle must penetrate the dura, which may risk trauma if it is above the conus.
In conclusion, we recommend that if a choice of suitable interspaces exists, the lower one be selected for intrathecal injection, to reduce the risk of neurological damage from either misidentification of the vertebral level or an unexpectedly low conus. 
